This study assesses economic benefits of international exchange and flow of key rice germplasm in Nepal under globally operated multilateral system of facilitated access using a case of an improved rice variety Khumal-4. Khumal-4 rice is popular and widely grown in mid hills region of Nepal which was developed by crossing a high yielding dwarf foreign sourced germplasm IR-28 with a local Nepali variety Pokharilo Masino. Economic benefits of Khumal-4 rice adoption and impact was analysed using economic surplus model, where additional productivity and profitability gained from developing Khumal-4 was estimated in monetary value in comparison with existing farmers' variety Pokharilo masino. The finding showed that Khumal-4 covered 9% of rice area in the mid-hills and 7% in the mountains during year 2010-12 years covering about 40 thousand hectares of rice area. Data show that there is a clear yield gain of 1.25 mt per hectare with cost in rice yield equivalent when farmers switch from traditional Pokhareli Masino to improved Khumal-4 variety. Estimation of additional revenue per hectare with total adoption area of Khumal-4 in prevailing market price in Nepal was NRs 1.07 billion (US $ 11 million) per annum. This is reasonable economic benefits obtained annually from flow of foreign sourced genes (IR-28) for the development of an improved Khumal-4 rice variety in Nepal. This finding indicates that access to foreign germplasm is important for ensuring national food security and gaining higher economic benefits in the country.
Introduction
Humanity has benefitted a lot from the exchange of plants, animals and their genetic resources from different parts of the world. Exchange of germplasm by breeders is at much higher rate than the exchange of plants and animals by general people. Plants, animals and their germplasm used to be transferred freely from country to country formally or informally before the advent of Convention of Biological Diversity (CBD) in 1992. The CBD conferred national sovereign rights to the genetic resources a country is having (CBD, 2001) . The transfer is possible bilaterally with case by case agreement for material transfer. This provision slowed the rate of transfer of plants, animals and their germplasm adversely affecting breeding programmes. Plant breeders need genetic materials that are improved by others-breeding materials developed by other professional breeders and landraces selected and maintained by farmers. Without a smooth flow of genetic resources among the research and breeding stations, breeding programs and food production to feed the growing world population is a big challenge. For maintaining plant breeding programs for food production, members of Food and Agricultural Organization enacted International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA) in 2001, nine years after the CBD, with a provision of multilateral system (MLS) of material transfer (FAO, 2001 ).
The rationale behind the implementation of ITPGRFA and adoption of multilateral system (MLS) globally is to facilitate easy exchange and sharing of genetic resources across the countries (Gauchan et al., 2015) . Article 13 of the ITPGRFA recognizes the benefits of facilitated access to plant genetic resources for food and agriculture (PGRFA) which are included in the MLS (FAO, 2001) . Exchange and flow of valuable genetic resources containing in such PGRFA and incorporation of them to other varieties within and outside the countries is important for increasing food production to the benefit of global community. The international exchange of PGRFA has facilitated critical variety innovations in individual countries contributing significantly to agricultural productivity enhancement and ensuring national food security (FAO 2001; Evension and Gollin, 2003) .
International exchange of germplasm for crop improvement generates appealing rates of return (Echeverria 1990 , Alston et al., 2000 , Evenson 2001 . Evenson and Gollin (2003) reports that there is a high economic benefits from plant breeding research particularly through incorporation of genes from international sources to national programs. Major staples like rice, wheat and maize have benefited more from the foreign sources of genetic resources than non-staple crops. According to Hossain et al (2003) annual gains from adoption of improved rice varieties in Asia stood about US $ 10.8 billion. The amount was nearly 150 times higher than annual investment made in rice research by International Rice Research Institute (IRRI) and National Agriculture Research Systems (NARS) together. The rate of return from wheat breeding research particularly from flow of international germplasm in Nepal also estimated to be high. Morries et al (1995) estimate about a high internal rate of return (IRR) of 85% from wheat breeding research in Nepal from 1960 to 1995 that promoted improved wheat germplasm from international sources. Pant et al (2011) report that rice consumers in Nepal value for aromatic trait of rice much higher (US$ 153 million) than the tasty trait (US$ 28 millions) available in landraces locally available in the country. A recent Australian Centre for International Agricultural Research (ACIAR) impact study (Brennan and Malabyabus, 2011) of rice varietal yield improvement research from 1985-2009 from IRRI supplied germplasm in three East Asian countries, Philippines, Indonesia and Vietnam indicated a high economic rate of return with average yield gains of 11.2% per annum that was possible mainly from development of high yielding rice derived from externally sourced germplasms. The economic value of that yield improvement was estimated to be of US$1.46 billion averaged per year across the three countries (Brennan and Malabyabus, 2011) . These values mentioned above provide overall economic benefits of improved crop germplasm for the whole improved varieties. However, we have no empirical studies carried out in the country to date for estimating benefits of international exchange and access of rice genetic resources with specific case varieties at the international and national level. Therefore, there is a need to study and identify the benefits accruing to Nepal from the use of foreign-sourced germplasm in new crop varieties widely cultivated and adopted by the farmers. Furthermore, information is scant about impact of use of both local landraces and foreign sourced germplasm in combination in crop improvement particularly for rice. This is especially important for a development country like Nepal where easy access and availability of diverse range of germplasm through own ex situ conservation, characterization and crop improvement programs is difficult due to absence of welldeveloped ex situ facilities and pre-breeding research activities. Moreover, continuous development, maintenance and adoption of new cultivars at the farm level is necessary for adaptation to climate change and increasing food production for ever increasing population (Rosegrant and Cline, 2003) . In this context, the study aims to assess economic benefits of flow of improved rice germplasm and its use in local crop improvement in Nepal using a case study of Khumal-4 variety which is popular and widely grown in the mid-hills region (900-1500 msl) of Nepal (MoAD, 2014) .
Since, rice is the principal food staple and major source of livelihood of two-thirds of the agricultural households, the facilitated exchange and use of the rice germplasm in crop improvement plays important role in national food security and household livelihoods in Nepal. Rice was selected for the case study as it is the number one food crop covering half of the country's area and accounting for more than half of the food production in the country (MoAD, 2014) . Among the most popular rice varieties namely Radha-4 and Sabitri in Terai and Khumal-4 in mid hills and mountains, we choose Khumal-4 rice variety for the case study to assess economic benefits because it has been developed through domestic plant breeding by incorporating both external (e.g. IR 28) and indigenous germplasm (e.g. Pokhreli Masino) for mid-hill region of Nepal (Gauchan et al., 2015) . In addition, information sources and existing survey data were available for this crop variety for analysis of variety innovations to estimate adoption level and assess economic benefits in the country.
Methodology

Data sources
The study employed use of various sources of data from existing household adoption studies, expert consultation meeting, desk studies and pedigree analysis. Pedigree analysis of the Khumal-4 variety has been carried out to identify and track the source of major gene for these varieties from various national and international exchanges. Adoption data are derived from recent survey of socioeconomic research of Nepal Agriculture Research Council (NARC) Socioeconomics & Agricultural Research Policy Division (SARPOD) mainly from IRRI supported projects (Gautam et al., 2013; Gauchan et al., 2014; Velasco et al., 2014) . The supplementary information that was not available on existing survey data was collected through field survey conducted in 2012-14. Comparative yield data from both improved varieties derived from foreign sourced germplasm and existing local variety with locally sourced germplasm are collected and compiled. The needed sources of information were supplemented through various literature review and desk studies.
Economic framework for estimating benefits
The economic methods of estimating benefits of improved variety derived from external and locally sourced germplasms can be analysed by different economic methods and tools. The more common methods of economic assessment of benefits belong to three main groups: the econometric methods, the programming methods and the consumer surplus methods (Masters et al., 1996) . Considering the availability of data and information sources, we use here economic surplus measure to assess economic benefits of improved varieties that have gene from external sources received from international exchange and flow in Nepal. Market price method, proxy price methods and stated preference methods are generally used in estimation of economic surplus. Economic surplus measure using market price method is a robust method for estimation of benefits. This method permits the estimation of the economic benefits generated by adoption of a new variety compared to the situation before the adoption. The benefit of a new variety for the society will be the sum of the producers' surplus due to decrease in cost of production per unit of output and consumers' surplus due to decrease in price of the product. This method requires information on productivity increase generated by the new variety, equilibrium price of the product, adoption rate and costs, timeframe between research and adoption 2000) .
Under the economic surplus approach, the area affected by incorporation of genes from foreign sources through plant breeding program can be measured either indirectly (in the form of a shift in the supply curve, which implicitly reflects changes in area planted) or directly (by estimating the rate of adoption of improved variety derived from external sourced germplasm and applying this rate of adoption to the area planted to the crop). The main advantage of using the economic surplus method is that the model needs less information than the other models (Alston et al., 1998; 2000) . The economic surplus approach permits the estimation of the economic benefits generated by adoption of new variety innovations, compared to the situation before (without) the adoption, where only traditional variety innovation was available (Morries et al., 1992; Morries and Heisey, 2003) . Benefits over the base area were estimated using the conventional method of multiplying the genetic gains attributable to improved variety (in this case, the yield losses foregone) times the area planted to modern varieties (MVs) derived from foreign sourced germplasm. The benefits that would be foregone in the absence of the variety innovation will provide a measure of the opportunity cost of not engaging in international PGRFA exchange.
Parameters needed to calculate value of additional production
The study estimated the value of the additional rice production attributable to breeding efforts of Khumal-4 as a result of international flow of germplasm. The economic effects of this improvement in variety can be measured in terms of incremental gain in yield and net returns (profitability). Once the area under Khumal-4 was estimated, the productivity gains in Khumal-4 from its original local parent Pokhreli Masino was compared to attribute yield gains from foreign source germplasm (IR-28). In order to calculate the value of the additional rice production attributable to international rice germplasm flows from breeding efforts, three key parameters were estimated: (1) the area planted to improved variety (2) the productivity gains attributable to adoption of improved rice variety, and (3) the price of rice grain. Using a simple economic surplus model, these three parameters can be combined to calculate the value of additional production in a given period (t):
Where, B = value of additional production attributable to rice breeding research obtained from foreign sourced MLS germplasm, A = area planted to chosen rice variety developed using foreign sourced germplasms, y = yield gain attributable to rice breeding research obtained from foreign sourced germplasm C= Additional cost of production of improved variety over the local variety expressed in rice equivalent P = farm gate price of rice grain of designated variety.
The average yield of Pokhreli Masino obtained from field survey was used to compare with average yield of Khumal-4. Based on this the productivity gains attributable to adoption of Khumal-4 was estimated. Using the farm gate price of both the varieties obtained from field survey, the net additional value (in NRs) was estimated from the rice breeding research obtained from international genes (IR-28) in local Pokhreli Masino rice variety (see details Gauchan et al., 2015) .
Results and discussion
Development and popularity of Khumal-4 rice variety
The variety Khumal-4 was developed from domestic plant breeding combining genes from both local and foreign sourced germplasms. It was developed by crossing popular dwarf high yielding and disease tolerance exotic rice variety IR-28 obtained from IRRI Philippines with popular indigenous Pokhareli Masino that has unique grain quality with good taste, fine grains, taller plant height and traits of local adaptation. Khumal-4 (NR 10078) was released in Nepal in 1987 by crossing IR-28 with Pokhareli Masino (Joshi et al, 2005; Joshi, 2008) . It has intermediate plant height with good yield and grain quality and it is popular among urban consumers and sold in the brand name of Pokharilo Jira Masino or Jira Masino due to its good eating and cooking quality and growing market demand. It currently fetches good price in the market and sold in different names of fine rice and brand names. It is officially released in 1987 and being cultivated widely in mid hill region from east to far western region. Hence, it is most popular among farmers in the mid hills (800-1500 msl) of Nepal and among consumers in Kathmandu valley and other hill urban centers because of its good grain quality (Gauchan et al., 2015) .
Pedigree analysis
The pedigree analysis of rice variety Khumal-4, popular in the hills of Nepal that contains externally incorporated genes received from various foreign sources. Khumal-4 is derived from 13 landraces originated in 8 different countries (USA, India, Indonesia, Taiwan, China, Pakistan, Thailand and Nepal) (Joshi et al., 2016) . The details of pedigree tree of Khumal-4 with their parentage and their percent coefficient of parentage traced back to the ancestors (in oval shape) are given in Figure 1 (Joshi, 2013) . Khumal-4 has genic portion of 50% of Pokharilo Masino, 12.5% of GP15 and remaining percent from 11 landraces. Khumal-4 (NR-10078) was released in 1987 by crossing IR-28 with Pokhreli Masino (Joshi, 2008) . The IR-28 was originally developed in IRRI from many crosses that were originated from germplasm derived from Taiwan, India, Indonesia, Thailand and USA. IR-28 has dwarfing gene i.e. DGWG (derived from Taiwanese variety) and high yielding traits from IR-8 (IRRI). 
Farm level adoption of Khumal-4 rice variety
Adoption reflects the farmers' decision to incorporate improved varieties into their existing production system by replacing traditional varieties (TVs) or by replacing improved varieties of older vintage that were adopted earlier (Gauchan et al., 2012 ). We used available farm level survey data to estimate and analyse farm level adoption of Khumal-4 in Nepal. Available survey revealed that the extent and pattern of adoption of Khuma-4 variety varied across different districts in Nepal (Gautam et al., 2013) . Out of 29 districts surveyed in Tracking Rice Variety for South Asia (TRIVSA) study of International Rice Research Institute (IRRI) in Nepal, there were 16 hills and 2 mountains districts in the sample survey in 2010-2012 (Velasco et al., 2014) . Among them, the adoption of Khumal-4 was observed in nine hill districts namely, Kavre, Bhaktapur, Dailekh, Lamjung, Parbat, Myagdi, Kaski, Gorkha and Baglung and in one mountain district namely Sankhuwasabha (Figure 2 ). The highest rate of adoption of Khumal-4 was found in Bhaktapur (42%), Kavre (41%) and Dailekh (35%) districts. Shrestha et al (2012) reported that Khumal-4 covers 55% of rice land in Kavre, 35% in Dailekh, 25 % in Doti, 12% in Dhankuta and 5% in Parbat. Khumal-4 was not reported from Jumla -a high mountain district and also some of the Hill districts (e.g. Udaypur) that have rice area in lower altitude belt (< 800 msl) river basins and lowland valleys. In aggregate Khumal-4 was adopted in 9% of the mid hills and 7% of the mountain regions of Nepal in 2010-12 (Gauchan et al., 2015) . No farmer reported cultivation of Khumal-4 was observed in Terai districts.
Figure 2. Pattern of adoption of Khumal-4 in hills and mountain districts Estimation of area under Khumal-4 rice
In order to estimate economic benefits of a given variety, it is essential to have actual data on farm level area coverage of that specific variety for its production domains. This can be estimated from percent adoption (area coverage) of the variety from the actual rice area of the districts and domains for the specific point of time. Analysis of official data on average rice area for the three years (triennium) during survey period was compiled to estimate coverage of Khumal-4 (Table 1) . Source: MoAD (2011 ) and NARC TRIVSA field survey (2010 -2012 Triennium average of rice area (2009) (2010) (2011) indicated that, the rice area in hills and mountain regions was 398 thousand and 67 thousand hectares, respectively. This accounted for about 26% and 4% of the total rice area of Nepal in the hills and mountain respectively. In aggregate of hills and mountain regions, estimation showed that about 41 thousand rice area was covered by Khumal-4 during the study period (Gauchan et al., 2015) . This was estimated from existing household survey data in Nepal which indicated that Khumal-4 covered 9% of rice area in the hills and 7% in the mountains during the survey year 2010-12. Table 2 presents comparative yields of Khumal-4 and Pokhreli Masino and actual estimation of the benefits from Khumal-4 in Nepal. Data show that there is a clear yield gain when farmers switch from traditional Pokhreli Masino to modern Khumal-4 variety. The gross yield difference between Khumal-4 and Pokhreli Masino was about 1.5 mt per hectare with higher yield advantage for Khumal-4 that incorporates foreign sourced genes from different countries under MLS. Since the cost of production of improved varietyKhumal-4 is relatively higher than Pokhreli Masino, this higher cost of production should be adjusted. One of the best ways is estimation of yield in terms of cost in rice equivalent (Hossain et al., 2003) . After adjusting cost in rice equivalent for both the varieties, the estimation showed that net yield gain from the adoption of Kumal-4 yield was 1.25 mt per hectare. Though the transaction costs of germplasm transfer and breeding mostly done by public sector institutions are not fully included in the analysis, part of that cost is included in the sales of breeder and foundation seeds by the breeding institution. The costs of seed multiplication and marketing mostly done by the private sector are automatically included in the seed costs reflecting in the costs of production. In terms of net revenue, the additional revenue per hectare from Khumal-4 was NRs. 26, 250 (US $ 275) per hectare. Based on the analysis of total revenue gains from Khumal-4 in 2010-11 price in Nepal was NRs 1.07 billion (US $ 11 million). Although this estimate is somewhat crude, this is reasonable economic benefits obtained from incorporation of foreign sourced germplasm in Khumal-4 development, despite its relatively low aggregate adoption level in the hills and mountain regions in Nepal. This is because the suitability of Khumal-4 adoption was in the mid hill altitude range of 900-1500 msl not adapted well to lower hills where large rice area in the hills are located in river basins and lower altitude of hills. *Note: Cost in rice equivalent yield was estimated based on actual cost of production data. We assume that Khumal-4 probably would have taken 13 years to reach current adoption level 2 in the mid hills (9%) and mountain (7%) since its release in 1987. Considering the adoption lags of 13 years, the variety has provided every year this amount of benefits in the last 15 years since the year 2000. The improved variety Khumal-4 also provides other nonyield or non-monetary benefits which we have not included in the above estimation. These include production stability as a result of disease tolerance and less lodging of the improved variety as compared to its traditional parent, Pokhreli Masino. In addition, its other benefits are reduction in the growing period (relatively shorter duration) that enables farmers to increase cropping intensity through cultivation of vegetables, wheat and cash crops.
Estimation of value of additional rice production
The case study of an improved rice variety Khumal-4 showed that the real value added benefits in terms of incremental yield and profitability arising from facilitated access, use and exchange of PGRFA materials in plant breeding in the country is very high despite relatively low aggregate adoption level of Khumal-4 in hills and mountain regions in Nepal. Therefore, if Khumal-4 were not developed and promoted using foreign sourced germplasm (IR-28), the country would have lost these reasonable monetary and nonmonetary benefits implying high opportunity cost of not engaging in international PGRFA exchange. As 68% of rice varieties released in Nepal contains genes of foreign sources (Joshi et al., 2014) , the benefits from transfer of rice genetic resources from foreign sources is very high in rice production and food security in the country. In addition to rice, many other crop species being presently grown in Nepal carry genetic resources from foreign sources. Major such crops that depend heavily on foreign genetic resources are wheat, maize, pulses and vegetables.
The present study provides broad overview of the benefits of foreign sourced germplasm in combination with local landraces in crop improvement. The above mentioned derived benefits are the combined effect of both foreign sourced germplasm (IR-28) and local landraces (Pokharilo masino) in addition to breeding efforts of NARC scientists. Hence the benefits obtained from Khumal-4 also contain benefits of interaction effect of local germ plasm Pokharilo masino with exotic germplasm IR-28. Disentangling actual benefit of sole IR-28 is difficult due to estimation difficulties.
Conclusion
The case study of an improved rice variety Khumal-4 showed that the real value added benefits, arising from facilitated access, use and exchange of PGRFA materials in plant 2 The analysis of TRIVSA survey conducted in 29 districts across different agroecozones and development regions in Nepal showed that it takes about 12 years for a variety to reach in adoption level after its release from breeding program (Velasco et al., 2014; Gauchan et al., 2014) . breeding in the country is very high. The incremental benefit derived from externally sourced germplasm in Khumal-4 variety is reasonably high, despite relatively low aggregate adoption level of Khumal-4 in hills and mountain regions in Nepal. The estimates showed that the incorporation of genetic resources incorporated in Khumal-4 provides benefits of about Rs 1 billion (US $ 11 million) per annum at the current price and the farm level adoption of year 2010-2012. In addition, there are other benefits such as non-monetary benefits of increased production stability brought by its relatively better disease resistance and non-lodging nature including its suitability for growing subsequent crops due to its relatively shorter duration. Considering a high benefits of easy access of foreign source germplasm with the case of Khumal-4 rice, facilitated access from foreign countries under multilateral system is important to promote and sustain variety innovations in developing country like Nepal, where agricultural is critical to food insecurity and livelihood of the people. Therefore, if Khumal-4 were not developed with domestic plant breeding and promoted using foreign sourced germplasm (IR-28), the country would have lost these reasonable monetary and non-monetary benefits implying high opportunity cost of not engaging in international PGRFA exchange. Therefore, there is a need of facilitated access and exchange of germplasm under multilateral system. Moreover, there is an increased need for higher investment in plant breeding by incorporating foreign sourced germplasm in the existing indigenous germplasm to improve productivity and profitability of the crop as well as to improve adaptability of farming systems to changing climate conditions. This study estimates economic benefits of adoption of improved germplasm from one point of time due to lack of data availability for different periods. Estimation of economic benefits of foreign sourced improved germplasm for longer period would have given better estimates that use estimating financial measures of project worth, such as net present value (NPV) and internal rate of return (IRR). Estimating and accounting for the benefits of crop variety innovations requires detailed disaggregated data for variety adoption, yield, price, farm management and farm level information and use of complex analytical methods such as use of econometric techniques and statistical tools. Future studies need to focus more in-depth analysis and estimation using robust econometric tools and methods for estimating impact of plant breeding and variety innovations for deriving long-term benefits of improved rice variety innovation in the country.
